In-vivo CT measurements revealed that the severity of nephrocalcinosis may change spontaneously with time. Manifest calcifications may exhibit spontaneous regression and are probably affected positively by high dietary Mg, in contrast to increased Ca. It is concluded that CT is a suitable and reliable non-invasive in vivo method to follow up time-dependent alterations in kidney calcifications in rats.
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Kidney calcification is a common phenomenon in rodents, especially in female rats (Cousins & Geary, 1966) . A large number of factors influencing the degree of nephrocalcinosis can be identified; these include for example magnesium (Mg), calcium (Ca) and phosphate (P) imbalance (Woodard & Jee, 1984) , chloride and fluoride (Levine et al., 1974) , protein content (Shah et al., Received 19 November 1990; accepted 29 April 1991 accepted 29 April 1986 ) and the composition of carbohydrates (e.g. fructose, glucose, starch) in the diet (Koh et al., 1989) . In spite of this knowledge, it is not known whether these alterations are time-dependent or if manifest calcinosis is reversible.
The usual experimental design for such timedependent studies requires a sufficient number of animals to allow samples to be taken randomly at different points of time. Another prerequisite for these studies is a high degree of homogeneity of the calcifications occurring during the defined time-period.
Results from previous work indicate that renal Ca content showed a high intra-individual variation and was a poor marker of the development of nephrocalcinosis (Grimm et al., 1990) .
In this study of nephrocalcinosis in female rats, a non-invasive computerized tomography method (CT) was used which is known as an ideal method for examining such structures in small laboratory animals (Schumacher et al., 1985) . In contrast to normal X-ray analysis, CT allows the production of 'optical sections'. For this purpose, X-ray-absorption is registered by detectors and evaluated by a computer whilst rotating the whole system (X-ray tube and detector) around the body under study within a few seconds. The computer analyses of the data enables the construction of a picture corresponding to a slice with a chosen thickness of 1 to 10 mm.
Using this technique, it is possible to distinguish between renal cortex and medulla and to localize calcified areas. Since most of the renal calcified deposits are located at the corticomedullary junction, the sum of calcifications of a given kidney can be represented approximately by a spherical structure with a cavity inside. CT allows quantification of calcification by measuring the density in the respective areas and is a noninvasive technique.
In the following study nephrocalcinosis was induced by a low Mg diet and/or by changing the dietary Ca:P ratio from 0·75 to 1·25. In addition, we examined whether manifest calcinosis can be affected by increased dietary Mg or Ca. The degree of renal calcification was quantified by CT, and the data obtained were compared to Ca concentrations of renal tissue determined by atomic absorption spectrophotometry (AAS).
Materials and methods

Animals
A total of 28 female SPF Sprague-Dawley rats (Interfauna, Tuttlingen, Germany) with an initial weight of 165-175 g were randomly allocated to 4 groups comprising 6-8 animals (n depending on different time-points of CT-analysis). They were housed 3-4 in a cage type III (Medi-Mobiliar, Teningen-Nimburg, Germany). After one week of acclimatization, they were fed the different diets ad libitum and deionized drinkingwater was offered ad libitum. 
Diets
Experimental design
Diets in groups I and IV remained unchanged during the whole experiment. Groups II and III were fed the low Mg, high Ca and the adequate Mg, low Ca diets for 49 days, respectively, before enrichment of the diet. For CT-measurements the rats had to be transported from Stuttgart to Ulm (about 100 km). The animals were allowed to acclimatize for 1 h and were anaesthetized with 100 mg/kg b. w. ketamine hydrochloride (Ketavet®, Parke-Davis, Berlin, Germany) immediately prior to CT-measurements.
CTmeasurements were made in groups II and III on days 0, 21, 49, 63 and 98 and in groups I and IV on days 0, 49 and 98. Eight animals died during deep anaesthesia (necessary for CT) and were excluded from evaluation.
Parameters
Body weight and general behaviour were recorded daily. The severity of nephrocalcinosis was quantified by CT -density measurements in the outer zone of the right kidneys and the average density was measured in an area of O· 04 cm 2 showing radiodense material.
Since timedependent alterations were studied in the same animals, care was taken in standardizing the optical sections and location of measurement as precisely as possible by providing identical anatomical conditions.
CT 
General
Erythema of ears and paws was observed (Rayssiguier & Larvor, 1974) in animals fed the low Mg, high Ca diet from days 12 to 30. Body weights were lower ( -5 to ca. -10070) in both Mg deficient groups compared to groups III and IV, and were reduced more in animals fed the low Mg, low Ca diet. Nevertheless, all animals remained in good clinical condition. During repeated anaesthesia (3-5 occasions per animal, i.e. 112 anaesthetic time points) some mortality (8 rats) occurred due to respiratory arrest under X-ray analysis.
twice for 24 h. Ca and Mg were determined by AAS (Perkin-Elmer 1100) and concentrations expressed for dry substance (ds).
Density measurements using CT
The typical appearance of the abdominal cavity of a control rat (day 0) is depicted in Fig. 1 CT-values on day 21 (range from 128 to 310 HU), followed by a decline to day 49 ( -14 to -560/0 of maximum values). Six of 7 animals demonstrated a pronounced decrease (to a level of 25070 of maximum values) in renal calcium during Mg-supplementation, without reaching initial values: there was no effect of treatment for one animal.
Animals fed the adequate Mg, low Ca diet showed more variable results (Fig. 4) . Three of 5 rats developed their highest CT density values on day 21 (range from 91 to 210 HU), whereas one animal showed a maximum value on day 49. In one of the 5 rats, no renal calcification occurred. There was also a decline from day 21 to day 49 ( -8070to -29%), but the final density values on day 98 ranged between 43 and 880/0 of the peak values.
In Fig. 5 , for animals fed the low Mg, low Ca diet, the range of density values (78 to 188HU) on day 49 is comparable to those animals of group II on the same day. On day 98, two animals nearly reached baseline values, whereas two others still exhibited 670/0 and 690/0, respectively, of values registered on day 49. the density range of uncalcified kidney tissue.
Following treatment for 49 days sever~nephrocalcinosis occurred in animals of all dietary groups. Figure 2 shows an example of extensive renal calcified deposits diagnosed by CT: The outer renal cortex of both kidneys was calcified completely, whereas no calcifications can be seen in the medulla.
Since we also wanted to demonstrate timedependent alterations of individual organs, CTdensity values of individual kidneys are presented (Figs 3 to 7) .
In Fig. 3 CT-density values of 7 animals fed the low Mg, high Ca diet are shown. On day 50, Mg content of the diet was increased from 119 to 4111 ppm Mg. During days 0 to 49, with the low Mg diet, all animals showed the highest Grimm, Nowitzki-Grimm, Wiedenmaier, Schumacher & Classen The adequate Mg, high Ca diet resulted in the highest inter individual variation (Fig. 6 ). Values obtained for animals remained unchanged, whilst two other rats showed the highest density values (more than 400 HU on day 49) of the whole series. On day 98, one animal showed increased density (460 HU), whereas the other demonstrated a slight decrease of -16070.
Correlation of CT-values with renal Co content
Renal Ca content determined by AAS in the survivors (n == 20) was compared with the CTvalues of day 98 ( Fig. 7) : there was an excellent correlation between both parameters, described by the equation of the regression line:
-260 where r=0'9877, P<O'OOl, n=20.
Discussion
To our knowledge this is the first report describing the non-invasive measurement of nephrocalcinosis in rats. The method of measuring density in the outer zone of calcified kidneys by CT was compared with renal tissue Ca concentrations at the end of the experiment, and gave very good correlation. This fact allows the use of CT for measuring the incidence and severity of nephrocalcinosis in small laboratory animals. For the quantification of radiodense material it must be ascertained that calcified areas exhibit a homogenous tissue distribution to allow extrapolation from a very small area (0' 04 cm 2 ) to the whole organ.
Extensive , 1990) . Apart from the high costs of computerized tomography, it is necessary for the animals to be immobilized during the X-ray measurements.
Respiratory failure may occur under these conditions. Nevertheless, CT proved to be a suitable method to study the kinetics of renal calcifications. There is an obvious decrease in renal calcium during Mg supplementation, but a more remarkable decrease occurred spontaneously between days 21 and 49, that is before changing the diet.
Together with the non-supplemented groups, 15 out of 17 calcified kidneys showed a decrease in density values without changing the diet. Calcium supplementation seems to have a negative influence on this development, while high dosed Mg seems to exhibit beneficial effects.
Since many investigators emphasize the important role of the Ca: P ratio in kidney calcification (Woodard & Jee, 1984) we wanted to include two slight variations of this ratio. A previous report (Clapp et al., 1982) described a marked reduction of the incidence of nephrocalcinosis in female Wi star rats by changing the Ca: P ratio from 0.73 to 1.25. In our study a very similar change in the Ca: P ratio showed no obvious influence on the incidence of nephrocalcinosis; this may be due to the limited number of animals and the wide inter-individual variation. In conclusion, nephrocalcinosis induced by Mg deficiency frequently demonstrates a timedependent reversibility without any dietary alterations. This fact seems to be important for long-time feeding studies because at the end of such an experiment, one will rarely be able to measure the maximum incidence and severity of kidney calcification. 
